The main channel was cleaned by dredging in the vicinity cf the new highway bridge and at the Detroit, Toledo and Ironton Railway bridge upstream. The new highway was placed on a high fill with relief structures for flood plain drainage consisting of a 12-foot corrugated metal pipe culvert and a bridge opening to accommodate the Detroit, Toledo and Ironton Railway and a property access road. The effect of the new highway embankment on drainage from the flood plain was requested.
Also requested was the effect that might be expected on the elevation of flood waters above the new highway embankment if the access road through the new highway embankment were raised.
The study indicates that the improvement in the capacity of the main channel to carry water was such that, up to a discharge equivalent to a 25-year frequency flood, the water-surface elevation in the reach upstream from the Detroit, Toledo and Ironton Railway bridge would be about 0.6 foot lower than under conditions prior to the construction on State Highway 41. Diversion through the Mad River left bank levee break above the Detroit, Toledo and Ironton Railway bridge to the flood Flain would be decreased about one-half in terms of rate of discharge in cubic feet per second. The maximum difference in elevation cf the flood water between the upstream and downstream side of the new State Highway 41 embankment would be about 0.2 foot, with an additional 0.4 foot to be expected if the access road were raised 1.5 feet.
INTRODUCTION
A hydraulic study cf a reach of the Mad River at a point where State Highway 41 was relocated in 1976, in the northwest part of Springfield, Ohio, was made in cooperation with the Ohio Department of Transportation (ODOT). The highway, relocated just upstream from its former site, consists of a high embankment, a bridge spanning the main channel of Mad River and two relief structures on the left bank.
The channel was dredged in the vicinity of the new highway bridge and at the Detroit, Tcledc and Ironton Railway bridge about 1400 feet upstream.
The purpose of this study is to analyze the effect of the new construction and channel cleaning on flood profiles along the main channel of the Mad River, and to determine whether or not the new State Highway 41 embankment across the left bank flood plain, east of the DT&I Railway would increase flood heights and delay drainage from that area compared to conditions that existed prior to construction of the new highway.
The flood plain upstream from State Highway 41 and east of the DT&I Railway may be flooded either through breaks in the levee upstream from the DT&I Railway bridge or from backwater in Gclf Course Ditch from the Mad River below State Highway 41. The effect on flood elevations upstream from the new highway embankment from raising the access road through the embankment by several feet was also analyzed in this study.
All elevations in this report are referenced tc mean sea level, datum adjustment of 1929.
This study is part of a continuing cooperative program between the Chio Department of Transportation and the U. S. Geological Survey. A previous report on this project was presented to the ODOT in July 1970, during the design phase.
Available Data
The Ohio Department of Transportation provided the following data for use in this study:
(1) Plans and profiles of relocated State Highway 41, bridges and relief structures.
(2) Cross sections for the two reaches of dredged channel as surveyed before and following completion of the project. Also available were the following data:
(1) Peak discharge data for the stream gaging stations on the Mad River near Urbana, at St. Paris Pike and at Springfield, and for Buck Creek at Springfield. . c ------- ; Buck Creek at Springfield, drainage area 139 mil (1915-21, 1925-49, 1959-72) ; and Mad River near Springfield, drainage area 490 mil .
Flood Frequency
Statistical studies of the Mad River were made based on data at the gaging station at St. Paris Pike and regional analysis methods outlined by Webber and Bartlett (1976) . Annual peaks for the Mad River at State Highway 41 at Springfield are listed in table 1, and shown graphically in figure 2. The flood-frequency curve resulting from this study is shown in figure 3 .
As applied to floods, the frequency (or recurrence interval) is the average interval of time within which a flood of a given magnitude will be equalled or exceeded once. •
ANALYSIS OF HYDRAULIC CUNDITIuNs
Water surface profiles for floods having recurrence intervals Df 2, 5, 10, and 25 years were developed for the main channel in the study reach using standard step-backwater methods (Chcw, 1959) . Profiles were developed for conditions existing before and after the relocation. of State Highway 41.
The total flood discharge was divided into main channel and bypass flow at the levee break upstream from the DT&I Railway bridge and recombined just upstream from the initial rating section (figure 4) below State Highway 41. The data for these profiles are listed in table 2, and for comparative purposes the 2-and 25-year flood profiles for before and after construction of new State Highway 41, are plotted in figure 5 . The elevation discharge relation at the upstream side of the DTEI Railway bridge shown cn figure 6 illustrates the effect of the outflow from the Mad River main channel to the flood plain. The effect on the discharge onto the left bank flood plain through the levee break above the DI&I Railway bridge is shown in figure 7 . A profile section of this levee break is shown in figure 8 .
Profiles for discharges of various magnitudes from low to flood flow were developed for Golf Course Ditch using stepbackwater methods.
These profiles were developed from a section downstream from the old highway to the levee break above the DT&I Railway bridge. Ratings were computed for all openings in the new and old highway embankments. The time required to drain the left bank flood plain from a flood elevation of 913 feet, assuming no additional inflow, was computed for conditions existing before and after construction of the new highway, (figure 9).
A study was made to determine the effect on flcod stages above the new State Highway 41 embankment from raising the elevation of the access road through the embankment. A discharge frcm the flood plain of 1200 ft3/s was used as a basis for this study.
At this discharge there is about 300 ft3/s going over the old State Highway 41 embankment and the water surface upstream frcm the old embankment is at about 912 feet. A trial-and-error method was used to determine the elevation upstream from the new embankment for different elevations of the access road with a total discharge of 1200 ft3/s passing through the access rcad opening and the 12-foot corrugated metal pipe culvert under new State Highway 41. The elevation of the access road was raised in half-fcct increments from the actual elevation of 907.5 feet to 909.0 feet. The gradient of the Mad River main channel and flood plain in the study area is relatively flat so that natural drainage cf the flood plain following a flood is slow. Figure 10 showing the frequency of flood stages downstream from old State Highway 41 and figure 11 showing the low flow stream profile along Golf Course Ditch upstream from Mad River indicates that on an average of about once a year the flood plain in the vicinity of the new highway would be flooded by backwater from the Mad River to an elevation of 908 feet, even if there were nc inflow to the floodplain from the Mad River main channel upstream from the DT&I Railway. Table 3 , showing all Mad River floods above 5500 ft3/s since 1966, also indicates the relatively high flood risk on Golf Course Ditch from backwater of Mad River entering Golf Course Ditch at its mouth, downstream from State Highway 41.
Inflow to the left bank flood plain of the Mad River upstream from State Highway 41 is determined by the rate of rise in the main channel, the magnitude of the flood peak discharge and the effects cf breaching in the levee system, and only slightly by the rate of outflow. For purposes of comparison of drainage from this flood plain before and after construction of the new highway embankment, it was assumed that there was nc inflow and the computations were made at a starting elevation of 913 feet which is about as high as water in the flood plain will rise before overtopping the DT&I Railway tracks on the west side of flood plain, and reentering the main channel.
The relative length of time for the cld State Highway 41 culvert and the new State Highway 41 culvert and access road opening to lower a flood in the left bank flood plain from an elevation of 913 feet to the elevation of the access road (907.5 ft) is shown in figure 9 . The difference in time tc drain this volume of overbank flood waters on Golf Course Ditch through the old or the new State Highway 41 culverts is less than one hour. This analysis included just the volume between old State Highway 41 and the DT&I Railway bridge and did not consider either the return flow to the main channel through the levee break, or drainage through the ground. Before and after construction of the new embankment.
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Stage-discharge relation affected by the old highway culvert. 
